Supplementary Material
S1.4. 40 Ar-39 Ar analysis
Samples for 39 Ar measurement were prepared and measured by Dr. Y. Kapusta, Actlabs, Canada. Prior irradiation in the nuclear reactor the samples were wrapped in Al-foil and loaded in alumina vial with MCA-11 flux monitors. The Ar isotope composition was measured in a Noblesse Noble Gas static mass spectrometer (NU Instrument Ltd.). The 1300ºC blank of 40 Ar did not exceed n*10-11 cc STP.
S1.5. Thermochronology

S1.5.1. Mineral separation
Common lab pre-processing procedures for achieving apatite separates includes rockcrushing and sorting methods (Jaw Breaker, Wilfey Table) , heavy liquid (LST fastflot and Diiodmethane (CH 2 I 2 ) and magnetic separation (Frantz Magnetscheider) . Optional hand picking of apatites was conducted to enhance final purity.
S1.5.2. Fission Track analysis
AFT analysis was carried out using the external detector method following the procedures described by (Gleadow, 1984; Donelick et al., 2005) and by using the zeta calibration approach (Hurford & Green, 1982) ; (Hurford & Green, 1983) with dosimeter glasses IRMM 540 (De Corte et al., 1998) . Zeta calibration was carried out on six Durango and Fish Canyon samples.
Track length and D par measurements followed the recommendations of Laslett et al. (1982) ; Donelick (1993); and Donelick et al. (2005) . User length-and D par calibration was applied on four samples with known track length distribution (annealed, mixed and induced lengths).
New samples were mounted in Petropoxy 154, polished and etched in 5 mol/l HNO 3 at 20°C for 20 seconds. Already mounted samples were prepared in the 1990ies and were etched in 1.13 mol/l HNO 3 for 60s at ambient room temperatures. D par measurements of the already mounted samples were calibrated after recommendations of Sobel & Seward (2010) with a calibration factor of 0.14 and by direct D par comparison of four samples treated with both etching conditions.
Thermal neutron irradiations were carried out in the reactor facility of FRM II (Garching, Germany) with a nominal neutron flux of 1 × 10 16 n/cm 2 for all samples except for W68, W72
and W294 where a neutron flux of 1.2 × 10 16 n/cm 2 was applied. Analysis was carried out with Zeiss Axioplan microscope using 1250× magnification, dry air objectives and the FT stage program of Dumitru (1993) . Fanning Arrhenius (Yamada et al., 2007) Annealing model: Ketcham et al. (2007) AHe model:
Farley ( Table illustrate the input preferences and annealing models used for thermal history modelling. Table showing the input constraints used for batch mode inverse modelling. Constraints 1, 2, and 4 were set because of geological evidence, whereas constraint 3 were set widely to allow all possible iteration steps. 2Ev segment parameters were used, implying 2 times iteration between segments, with episodic and monotonic variable style. This means that cooling as well as reheating is allowed (HeFTy user guide; Ketcham (2005) ). 
